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VX.181  Handling  Triala  at  the  Aft  C.C.  with 
Ring  Tip  Tanka. 

VX.181  Stalling  Hpeod*  on  Canberra  Aircraft. 
VX.181  Purthar  Concents  on  Cookpit  Comfort 
and  Handling  arising  from  Oaatel 
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Summary 

Previous  trials  on  tha  Canberra  PR  3 VX  181  had  indicated  thot  its 
lateral  and  directional  behaviour  might  preclude  the  flying  of  bn  accurate 
ooof>°a*  course  and  might  well  adversely  affect  its  usefulnsss  for 
photography  in  tha  survey  role.  Further  raeaouromonts  hove  non  been  mado 
to  find  the  effeots  of  height,  airspeed,  and  configuration  on  the  lateral 
and  dire  at  tonal  behaviour  when  either  tho  pilot  or  the  outopilot  was 
controlling  the  aircraft. 

Tha  present  trials  showed  that  even  undor  calm  air  oonditions  there 
were  both  abort  period  osoillationa  and  also  general  wanders  in  hoading 
and  angle  of  bonk,  Tho  average  magnitude  of  eaalt  of  these  disturbances 
at  Mach  numbers  near  0.8  whilst  the  pilot  was  attempting  to  maintain  tha 
aircraft  on  a oonatant  heading  with  wings  level  by  normal  uso  of  .ho 
three  flying  controls  was  of  the  erdor  of  1 Jogree,  though  maximum  value e 
of  2 degrees  and  above  were  measured.  Tho  effools  of  froelng  tho  rudder 
and  also  of  using  the  standard  autopilot  Mk  9 arc  described  in  the  report. 

The  offeeta  of  the  oaoillationa  and  wanders  on  the  airornft's 
usefulness  in  tha  survey  role  have  been  die cussed  in  tho  report.  It 
would 'scorn  from  the  aviflenoe  provided  that  most  of  the  photographs 
obtained  under  oolm  air  conditions  with  tho  pilot  controlling  tho  aircraft 
could  be  used  by  a survey  mapping  section  willing  to  make  allowances 
for  up  to  2 degrees  of  oramra  tilt.  In  tlwao  seme  air  conditions  it  is 
probable  chat  the  use  of  tho  standard  autopilot  MV  ? would  cnabla  the 
angle  of  tilt  to  bo  kopt  within  the  1 dogroo  considorod  by  !-hn  Amerionn 
Engineer  Laboratories  as  tho  limit  for  gonoral  mapping  covers  go.  any 
further  reduction  In  the  anglo  of  tilt,  oithor  to  moot  the  proomt  '-'ur  office 
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PoUay  roquiiMrwnt  of  15  uinutos  tilt  limit  or  th>  ultimate  'Tor  Office 
targot  of  1 OimU  limit  or  to  allow  * margin  frr  OijJit  in  rou  jv<r  air 
ooodition*,  roulo  rt-nuiro  further  Ix^rcroioats  in  oontrel.  3uoh  JU^roniuunt 
my  be  ffimn  by  o modified  Autopilot  Me.  9 or  by  the  autopilot  Me,  10 
*>ow  bring  dovolopod,  with  or  without  the  ’iso  oi*  seme  ouch  device  as  the 
auto-atobilivir  that  has  bran  evolved  nt  BAS'  for  thi  elimination  of  snaking, 
but  it  s-Joma  probable  that  syrosoopio  at-biiiartlon  of  the  camera  my  bo 
required#  ^ 
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1*  Introduction 

In  tho  4fh  part  of  i^tfS/Ropcrt  No,  861/2,  it  was  statud  that  tho 
lateral  and  diroeticnal  behaviour  of  tho  Canberra  PH  3 VX  1B1  without 
wing-tip  tanks  was  worso  then  on  Canberra  E2  aircraft  previously  tested 
ond  procludod  tho  flying  of  on  oeeuroto  conpaos  oourso.  It  was  suggested 
thot  tho  wollowing  or  'dutoh-ml ling'  found  at  indicated  Mach  numbers  above 
0*7  ifiight  well  adversely  effoot  tho  photopjrBphy  in  tho  survoy  role, 

5ho  more  recent  photographic  trials  made  on  this  oircroft  at  Cojtol 
Benito  tpposrod  on  preliminary  analysis  to  confirm  this  view.  Tho  pilot 
reported  that  at  high  altitude  there  was  a continuous  dutoh-roll  w>iloh 
oould  bo  only  partially  stopped  by  continuous  hoavy  pressure  on  the  rudder 
pedals.  Tho  degree  of  oonoontration  domandod  from  tho  pilot  was  suoh  os 
to  moke  him  very  tirod,  prrtioulnrly  by  tho  ond  of  a 12  tb  15  minuto 
continuous  photogrophio  run  on  a constant  hooding. 

After  tha  roturn  of  t!»  aircraft  from  Castol  Bo nit o,  continuous  traoo 
recordings  of  aircraft  heading  and  angle  of  bank  wero  made  at  various 
heights,  olrspoods,  and  Maoh  numbers  in  an  attorqpt  to  determine  tho 
ohnrootoristios  and  magnitude  of  tho  lateral  and  directional  osoillations. 
These  trials  form  tho  aubjeot  matter  of  .this  part  of  the  report.  ■, 


The  uuuol  rerial  photograph  measures  9 inches  by  9 inches.  The  oontro 
of  it | corresponding  to  the  optiosl  centre  of  the  oomera  Ions,  is  marked 
by  a crosa  which  is  celled  the  'Principal  Point*,  (soo  figure  l(o)  ) Pour 
ether  lines,  ot  tho  mid-point  of  onoh  side,  aro  oelled  'Collimating  Marks'. 
Tho  five  narks  on  each  photograph  sarva  an  saas  of  refer onco  in 
oorrootlng  tho  image  Jiatanoos  on  tho  photograph  to  true  distances." 

The  photographs  aro  obtained  in  series  along  parallel  traoks,  tho 
aircraft  ooursos  and  positions  ond  the  camera  operating  intervals  being 
so  choson  that  tha  photographs  ovarlap  eaoh  other  on  all  sides,  t» a "hewn 
disgmnmtioallv  in  figure  1(b). 

Idodly  eaoh  photograph  should  be  taken  vertically  downwards,  whilst 
tho  alrarnft  flies  straight  end  lovol  on  a constant  heading.  To  this 
ond,  the  eeraora  is  pro-sot  on  the  ground  so  that  i'  is  vortical  when  tho 
aircraft  has  its  wings  level  end  is  at  on  attitude  equal  to  that,  ^xpooted 
to  obtain  during  tha  photographio  run.  Hcwevor  tlia  aircraft  deviates 
from  thsso  idoal  conditions  for  several  roanons  end  tho  effoots  ore 
discussed  belowj- 

(a)  Inoorroct  sotting  of  tho  onrnora  from  tho  fore-ond-oft  vortical 
means  that. tho  oroa  photographed  is  in  front  of  or  behind  the  optimum 
area,  as  illustrated' in  figire  2(a)  whore  the  cron  Bj  B2  b*  B.  or  Gj  Op  Cj 
XJk  is  phetographod  instead  of  A^  A2  Aj  Ai • lhe  poinc  vort3.oa.uy  benoeth 
the  siroraft  is  no  longer  at  the  optioal’eartr j of  tho  Ions  and  this 
oompiioatos  the  calculation  of  truo  ground  uiotonoes  ond  onglos  from  tho 
photogrophio  images  and  angles. 

(b)  Oscillation  of  tho  aircraft  in  pitoh  leads  to  difficultins  similar 
to  those  described  in  (r.)«  It  is  unlikoly  that  it  will  give  tho  added 
difficulty  of  inadequate  fere-ond-aft  overlapping  of  tho  photographs, 

(0)  lowing  of  tho  aircraft  without  accompanying  bank  onuses  rotation 
of  the  photograph  so  that  points  originally  on  the  fore-and-aft  centre 
line  through  the  optical  oentro  appear  to  be  displaood  from  the  line. 

Thus  tho  area  B-j  B2  Bi  Br  of  figuro  1(b)  is  photographed  inate-d  of  A^  Ag 
Aj  A^  and  tho  object  0,  originally  cn  thu  fore-and-aft  oontro  line  1^ , 


k j.t  will  be  appreciated  that  if  tho  camera  is  tilted,  jq’tsl  dist.anoos 
on  tho  photograph  do  not  nocesaavily  inply  oru-1  truo  gr=’Jfld  di-.t-,\~?nj 
this  depends  on  the  positions  of  the  particular  linos  in  relation  to  the 
principal  point.  ; 7»  r 
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no  !•  ngsr  lies  on  ths  centre  lino  Xe  Y«.  This  *n  itsolf  dooa  not 
introduce  "ny  errors  but  it  la  difficult  on  a photograph  to  distinguish 
between  displacement  of  r.  point  for  this  rornon  and  r displacement  duo 
to  tho  airornft  bonking,  when  a correction  to  the  calculated  distances 
is  required  to  allow  for  the  slant  view.  It  should  bo  notod  that  a 
similar  apparent  rotation  of  each  photograph  wry  bo  present  whonovor  tho 
airornft  is  flying  in  a cross-vdnd  relative  to  the  ' trr.ok»nv.\do-;jood • as 
tho  fore-and-aft  lino  through  tha  aircraft  will  then  bo  at  an  anglo  to 
the  track,  though  on  tho  Canberra  PP.3  aircraft  naans  are  provided  on  t \ro 
of  tho  throe  survey  oamoro  installations. for  rotation  of  the  camera  into 
tho  dirootion  of  the  traok-nado-good,  I 

(d)  Bonking  of  tho  aircraft  causes  a disglncotnon^  of  tho  area 
photographed  to  cithor  aide  ox'  the  intondod  oroa.  Thus  in  figuro  2(c), 
the  area  Bg  Bj  B. , for  exaliqjl..,  is  photographed  instead  of  A)  Ag  A*  A^. 

Tha  aifficultios  introduced  are  those  already  given  in  paragraph  (a), 
namely  tho  oomplication  of  the  oorreotions  to  distanoe  .i  but  thoro  is  also 
tho  confusion  likely  to  ariso  with  tho  yawing  ocm  oonsidorod  in  para^aph  (o' 


Oiffioultios  duo  to  divorgsnqos  from  tho  iddal  sot  of  survey'  , 
photographs  cone  under  two  main  sootions,  firstly  tho  ohangos  that  con 
ooour  botraen  suooussivu  photograph  and  which  will  malco  ooro  diffibult 
the  marrying  together  of  those  photographs  and  secondly  tho  long  term 
ohangis  that  oan  arise  between  the  beginning  and  end  of,  say,  415  minute 
survey  run,  suoh  ss  for  instance  two  allegedly  parallel  traoks  on  opposite 
headings  diverging  so  that  finally  thoro  is  inadequate  error lapping  of  tho 
photog-aphs  in  tho  two  traoks. 


This  part  Of  tho  report  donls  with  the  changes  that  can  ooour  between 
suooassivo  photographs.  Although  oach  of  the  divergences  (a)  to  (d) 
above  might  bo  ozpceted  to  occur  together,  attention  has  boon  concentrator! 
on  the  lateral  and  dirootional  divorgonoos  which  had  alx  oady  been  the  . 
objoota  of  eritioinm  by  tho  pilots.  To  help  in  getting  the  uorruot 
purspootiva  of  thoao  divorgonoos,  it  is  important  to  knew  the  time  interval* 
between  ouoooacivo  photographs.  The  following  t*bla  gives  th.  tine 
intorvals  in  seconds  for  various  heights  and  ground  speeds  when  the  F.A-9 
camera  has  tho  6 inah  Ions  which  is  likoly  to  bo  used  in  much  of  tho  survey 
work  end  a 60p>  overlap  of  oueeossivo  photog  rpha  is  roqulrodi 
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With  a 12  inoh  lens  those  intorvals  arc  halved  and  with  a 21*.  inch 
Ions  halved  again* 


3.  Condition  of.  air.or.aft  relevant  to  tests 

3*1  Conor rl.  Tho  aircraft  was  as  described  in  tho  1st  part  of  this 
Revert , Tho  -.vineftip  trnks  used  were  6?0J0  (port)  ana  S6OO6  (starboard), 

3,2  InatruiMnt*tinn.  A JTussonnt  (A  i’O)  rctyrd.^-na  u*ed  to  give 
continuous  trnejo  cf  the  ohangos  in  thi  aircraft/ W!*“figlc  of  ban!: 
indicated  by  a Oomr.n  rfc.1  B gyroccoiw  (for  further  'Jet'-ils  see  3 VI  part 

. * /a* . • • . 


of  Report  jULc/666).  The  rocorde.*  was  cot  tc  give  a trace  length  of 
approximately  1 millimeter  per  second,*  and  transverse  scclo  displacements 
of  2j  millinotraa  per  -bgrec  change  of  ruling  or  angle  of  bonk* 

It  should  be  no tod  that  the  gyroscope  remained  "caged"  until  ths 
required  trinnad  conditions  had  boon  reached,  with  the  aircraft  flying  as 
nearly  os  possible  on  n constant  hooding  with  soro  bank  os  indicated  by 
the  G4S  compass  and  the  artificial  horijen,  Tixi  gyrosoope  was  then  unoaged 
for  the  singlo  tout  and  was  thon  re-eagod,  Tho  unarming  of  the  gyrosoopo 
oocupiod  sow*  2 to  3 seconds  and  it  was  irnajaiblo  therefore  to  assert  that 
the  apparent  Bern  datum  showing  on  the  Hussunot  reoerdings  did  in  foot 
correspond  to  tore  onglo  of  baric  and  tore  ohange  of  hooding,  even  if  thero 
were  neons  of  Treasuring  those  angles  accurately  in  tho  initial  oerdfully 
tr  laced  conditions. 


The  procession  of  tho  gyroscope  was  assessed  by  baneh  calibration  as 
causing  opporent  cimnges  of  1 degree  por  minuto  to  port  in  heading  and 
1/5  degree  por  ninuta  to  port  in  onglo  of  bank.  \ 

3.3  Aircraft  loadings.  Tho  aircraft  weight  at  toko -oft  whon  tip-tanks 
were  fittod  was  3^*33v  lbs.,  with  tho  C,G,  at  0.247  3.M.G. , underoarrlngo 
down,  (0.245  S.M.C. , undorcarriago  up).  The  oorre spending  values  witttxit  the  tanks 
fitted  wore  30,090  lbs,  ond  0,246  3. K.C.  (0.2i»4  S.M.O.  umloronrriogo  up). 

Tho  design  C.6.  rongo,  tindorenrrioge  down,  was  0.211  to  0.30  S.M.C. 

4-  floopo  of  tests  \ 

* \ 

All  tests  wore  mndo  in  stoady  trlnaod  lovel  flight  undor  calm  air  \ \ 
conditions  (’■•ith  occasional  periods  of  turbulonoo)  at  indicated  loach 
numbers  (LM.N. ) of  C.7  to  0.8*. 

Without  win  [ft  ip  tanks  fittod,  the  tests  were  mado  at  10,000,  25,000 
ond  45,000  foot,  with.thu  pilot  attempting  to  maintain  tho  aircraft  on  a 
oonstant  herding  by  the  normal  uso  of  ailerons  ond  rudder,  , 

With  tip  tonka  fitted,  tho  tests  wero  nado  at  25,000  ond  45,000  foot 
only,  as  at  10,000  foot  tho  limiting  nirspood  for  uhls  configuration  would 
be  oxooedod  at  tho  Mach  numbers  considered.  Tho  trials  at  tho so  two  heights 
wore  extended  to  find  the  offccts  of  using  tho  Kk.9  nutopilnt.  ond  also  to 
determine  any  changes  ooused  by  the  pilot  leaving  tho  ruddor  free  and 
controlling  the  herding  by  ailerons  olono. 


5.  Results  of  tests 


■5.1  Conor al.  Photographic  roproduotion  of  tho  Huseonot  trace 
rooordings  arc  given  in  figuros  3 to  9;  thev  hovo  boon  reduced  from  life- 
siE0  in  the  rutio  2.45  to  1 , exoept  for  f iguro  7 which  was  reduood  by 
2.62  to  1,  It  should  bo  noted  that  at  the  start  of  eaoh  record,  the  treoo 
of  aircraft  heading  is  abovo  that  of  angle  of  baric. 


The  traces  show  that  thero  was  a fundamental  short-period  oscillation 
in  both  hooding  ondjbank,  each  oyclo  occupying  some  2 to  4 »°oonds.  In 
addition  tharo  tforamore  random  movements  in  heading  and  boric,  which  wiia 
be  referred  to  subsequently  as  gonorol  direotional  wonder  and  general  lateral 
wnndor  rospeotivoly.  It  should  bo  notod  that,  in  giving  the. magnitudes  of 
these  wondors,  tho  short-period  osoillation  has  boon  excluded.  . 

/The.. «, 

“ the  ('cot  ot  each  rooord’are  dots  whioh  arc  mode  at  1 sooond  intervals; 
ovory  tenth  dot  is  omitted. so  that  10-soeond  tino  periods  aro  readily 
disoemiblo. 


1 to  obtain  true  Hooh  numbort  from  indicated  Knob  numbers  for  thi  spoods 
tasted,  add  0.005  at  10,000  foot,  0.01  at  25,000  feet  and  0.02  at  45,000  feet 


Tho  toata  wore  madd  in  nominally  calm  clr  conditions,  Howevor 
patches  of  oloor  air  turbulcnco  wore  mot,  ovon  at  45, COO  foot,  and  tho 
corrobponding  small  auctions  ol'  individual  rocordc  have  accordingly  boon 
omittod  from  tho  analysis.  Any  valuos  givon  below  oon  thoreforo  bo  takon 
or  opplying^to  balm  air  conditions. 

It  is  emphasised  that  tho  conclusions  drown  in  tie  report  oro  derived 
by  viaual  interpretation  of  tho  various  curves  obtained  from  the  Husnonot 
troco  rooords.  No  rigorous  analysis  by  statistical  motliods  has  boon  modo, 
nor  has  any  lovol  of  significance  been  osoribod  to  tho  oonelusions. 

5.2  Short-poriod  dirootional  osoillation.  Tho  magnitude s of  tho 
osolllation  in  the  various  oonditiono  of  flight  era  given  In  Tables  1 and 
2.  Two  values  oro  given,  one  tho  ovorogo  os  assossod  visually,  tho  othor 
the  maximum  oocurring  within  tho  2-ninuto  period  of  tho  rooord.  Figure 
10  summarises  tho  information  for  tho  condition  when  tlk>  pilot  was 
controlling  tho  aircraft  by  ailerons,  rudder  and  elevator  in  an  ettonpt  to 
maintain  lovol  flight  on  o constant  heading.  It  will  bo  seen  that  thore 
was  an  lnaroaso  in  tho  magnitude  of  tho  osoillation  with  increasing  Kooh 
mmbor  presumably  bouauao  of  tho  associated  inoroaso  in  ftirframo  buffeting. 


The  main  dotails  of  figure  'O.aro  roprodueod  in  tho  following' table, 
tho  vrP*te*rV5±tig  given  to  tho  neorost  quarter  of  a iogreo.  Tho  Mach  numbers 
shown  do  not  ropresont  tho  limits  tostod  but  oro  chosen  os  being  valuos 
testod  at  oil  oltitudes  (slight  extrapolation  is  however  roquirod  in  ono 
instanoe). 


Wing  tip 
tanks. 

Height 

(feot) 

Indioatod 

Mach 

nunbor 

Double- amplitude  of 
oscillation  (docrccs)  ! 

Avoratto 

Maximum 

OFF 

10,000 

0.72 

0 

i 

0.7$ 

1 

V 

* 

25,000 

0.72 

0 

i 

0.79 

1 

A 

45,000 

0.72 

* 

0.79  ... 

A ..... 

i 

• ON 

25,000 

0.72 

0 

A .... 

0.79 

£ 

iV 

A5,000 

0.72 

1 

•'  \ 

-SJSL. 

i 

1 

Tho  corresponding  valuos  obtoinod  with  othor  forms  of  oontrol  hove 
not  boert  included  in  this  figure  10,  Novortholoso  from  table  2, 
eonooming  flight  with  tip-tanka  fitted,  it  mey  be  seen  that  when  tho 
pilot  wot  oontrolling  tho  rdror&ft  hooding  by  ailerons  only,  Towing  tho 
rudder  freo,  thore  eppoarod  to  be  no  appreciable  change  in  the  magnitude 
of  tho  oscillation  at  oithor  25,000  or  45,000  foot,  tho  only  two  eltitudos 
teatod  in  this  configuration,  Whon  tho  autopilot  Mk.9  was  usod,  thui-u 
was  littlo  change  in  tho  magnitude  of  tho  osoillation  at  25,000  foot  but 
thoro  w*-a  apparently  some  roduotion  at  45,000  foot.  At  0.705  indicated 
Mooh  nunbor  the  roduotion  cotually  obtained  was  from  3°  to  f"  in  average 
vsluo  ond  1°  to  in  maximum  valuo,  and  at  0,74  and  0.715  indicated  Maoh 
numbers  che  csoillotion  was  eliminated  (originally  JP  nverago  and  +P  maxims:, 
value  at  oaoh  speed).  \ , . 
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The  effect  of  air  turbulence  upon  the  oocillr.tinn  con  bo  clearly 
seen  from  the  Hussenot  troces,  the  corresponding  periods  being  indicated 
by  tho  letters  T.A.  When  turbulence  was  mut,  thoro  was  on  ii>rudinto 
inorcoeo  in  who  amplitude  of  the  oscillation,  amounting  in  some  instances 
(for  'cxairplo  * : iguro  5(o)  ),  to  a doubling  of  tha  original  amplitude. 

After  the  turbulence  stopped,**  it  seemed  that  it  took  some  5 to  10  seoonda 
(2  to  3 cycles)  for  tho  osoillstlon  to  return  to  its  original  level. 

The  period  of  the  osoillation  varied  with  height  and  Kaoh  number. 

*rfi  in  figure  11  for  all  the  configuration*  tested.  At 

10.000  feet  tho  period  per  oyolo  varied  from  2.3  seoonda  at  0.77  I .IAN. 
to  2.6  aooonds  at  0,70  I.M.N.  j at  25,000  feet  from  2.6  seoonda  at  0.81 

to  3.1  seconds  at  0,71  X.K.  N,  j at  45,000  feot  from  3»5  aeoends  at 
0,805  I.M.N,  to  4*5  >aoonds  at  0,715  I.K.N, 

5.3  general  .directional  wander.  From  '.*eeh  record  a new  traee  wna 
prepared  by  eliminating  the  short  period  osoillation.  The  general  dlreot- 
ional  wander  was  thon  assesaod  by  the  variation  of  heading,  as  shown  by 
this  modified  trooo,  within  a timo  period  dopondent  upon  the  asmera 
photographing  interval. 

Indioated  Mach  numbers  of  0.7 0 to  0.60  oorrospond  to  truo  airspeeds 
of  approximately  445  to  515  knots  at  10,000  feet,  425  to  485  knots  at 

25.000  feet,  and  410  to  465  knots  at  45,000  feet.  To  reduoe  the  computat- 
ional work,  mean  speeds  of  480,  455  and  440  knots  have  been  considered  at 
the  throe  heights  respectively,  giving  appropriate  enmoro  intervals  of 

8,  17  and  34  sooonds  for  tho  F.49  camera  fitted  with  the\6  ineh  lens. 

(for  oonvonienoe  in  analysing,  18  sooonds  was  used  at  25,000  foot  instead 
of  1?  sooonds). 

The  valun  of  tho  heading  was  tnkon  at  2 - sooond  intervals  of  tho 
reoord  and  the  ohm  jo  of  hooding  then  found  for  oaoh  period  appx .priato 
to  tho  camora  operating  interval.'  Thus  at  10,000  foot,  tho  ohango  of 
hooding  was  found  for  each  8 - second  period,  nomoly  0 to  8 sooonda,  2 to 
10  seoonda,  4 to  12  seoonda  and  ao  on;  similarly  for  oaoh  18  - second 
period  at  25,000  foet  and  34  - sooond  period  at  45,000  feet.  Eaoh  record 
treated  in  this  way  gavo  aomo  50  soporato  porioda. 

The  avorage  ohengo  of  hooding  between  suooessivo  photographs  is 
shown  in  tables  1 and  2 and  figure  12.  In  addition,  figure  13  shews  the 
maximum  ohango  of  hooding  likoly  to  occur  on  about  5$  of  oooosions;  this 
was  found  by-toklng-the  onrorago  of  tho  maximum  throe  values  occurring 
within  tho  approximately  50  intervals  conoiderod  in  eaoh  reoord. 

The  flguros  do  not  indioate  any  lnoronao  in  dlrootional  wander  with 
increasing  Meuh  number,  Indood,  it  might  bo  inferred  that  in  several  of 
tho  eonditiona  tostod  thbre  was  a deorease  in  wander,  though  the  mrtoor 
of  toots  was  insufficient  for  definite  oonolusions  to  be  drawn.  There 
qIso  seemed  to  be  an  inoruaao  in  wandor  with  hoight  but  again  tha  evldenoa 
is  lnoonolusive. 

The  main  details  of  figures  12  and  13  relating  to  normal  pilot  control 
aro  susmorlsed  in  the  following  table,  the  values  boiiig  given  to  the 
nearest  i degree.  The  moch  numbers  shown  do  not  roproaent  the  limits 
toatad. 

. i 


/Table 


K 


Aa  caooaauc?  by  tho  aircrew  from  tho  buffeting. 
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wing  tip 
tanks. 

Haight 

(feet) 

Indioatsd 

Mach 

number 

Change  of  heading  (dogreos) 
botwoon  succo  salvo  nhotoHraohs11 

Avcraco 

Maximum 

aw 

10,000 

0*72 

i 

•;-'T 

warn 

1 

25,000 

mm 

1 

_ 11 

i 

1 

4.5,000 

m 

1 

11 

mm 

1 

2 

ON 

25,000 

mi 

t. 

11 

mm 

* 

1 

4-5,000 

wem 

1 

ll 

0.79 

* 

i 

It  osn  also  bo  soon  from  figures  12  and  13  that  when  tha  pilot 
allowed  tha  rudder  to  trail  froe,  the  directional  wandor  was  in  general 
no  worse  end  was  usually  somewhat  better  than  whon  the  pilot  attempted 
to  hold  the  rudder  flood.  On  tho  other  hand,  when  the  autopilot  Mk.  9 
was  controllings tho  aircraft,  the  wander  was  generally  somewhat  worse 
.than  in 'either  of  tho  other  t\  j conditions  oonsidorod. 

5«4  Short-period  lateral  oscillation,  Tho  short  period  latorol 
osoillatic.i  was  moro  difficult  to  analyse  than  the  corresponding 
directional  o soil! at Ion.  This  was  primarily  duo  to  the  foot  that  the 
movonents  of  tho  aileron  by  tho  pilot,  either  in  steering  or  maintaining 
his  wings  level,  gave  changes  in  angle  of  bank  of  tho  first  order  of 
rasponso  and  magnitude  but  ohongos  in  hooding  of  only  a sooond  order.  The 
short-period  latorol  6 sell  1 at  ion  was  accordingly  overlaid  by  the  chords 
in  angle  of  bank  doliboratoly  applied  by  the  pilot  and,  to  a certain 
extent,  was  obsourod  by  thorn. 

. Nevertheless  an  assessment  has  been  attempted  and  the  values  arc  given 
in  toblos  1 and  2 and  in  figure  14*  It  will  be  seen  that,  as  for  the 
directional  oscillation,  tha  amplitude  increased  with  increasing  Mach  number. 
Furthermore,  leaving  the  rudder  free  did  net  materially  change  the  magnitude 
of  tho  osoillation  at  25,000  feet  though  it  may  have  givon  higher  moximun 
values  at  45,000  ft.  Use  of  the  autopilot  oousod  no  ohangs  at  25,000  foot, 
but  gave  a marked  improvement  at  45,000  foot,  whore  at  0.765  I.M.N.  the 
average  and  maximum'  vsluos  of  tho  double  amplitude  were  roduaed  from  *° 
and  if0  respectively  to  zero. 

The  main  details  of  figure  14.  have  boon  srxiinorised  in  the  toble  below: 


/Table 


M Excluding  short-period  osoillation, 


nunbor 


10,000 


25,000 


V5,000 


V5,000 


5*5  General  lateral  wnndor . Tho  analysis  to  Obtain  n gonoral 
lateral  wnndor  woe  oarriod  out  in  tho  some  ray  an  for  tho  directional 
wonder*  Tho  values  oro  given  In  tables  1 and  2 and  in  figure.)  15  and  16, 
the  former  figure  giving  tho  nvorago  change  of  onglo  of  bank  butwoon 
■uoeeasive  photographs  and  tho.lattor  tho  maximum  chan go  llkoly  to  ooour 
on  % of  oocasione.  \ 

▲a  with  tho  general  flirootional  wander,  whon  tie  pilot  waa  controlling 
there  waa  no  evldonoe  of  nn  inoroaso  in  "/or.dor  w'.!;h  increasing  Mooh  number, 
nor  in  thia  easo  .was  thore  any  notiooabla  increase  \ith  »iiight.  Average 
wnndor e of  about  1c  T/oro  common  to  nil  hni^h+s,  Jiacte  numbora  and  oonfig- 
urationa,  ond  tho  noidiniu 'values  were  in  general  bcntuon  2°  and  V°.  Whilst 
it  is  difficult  to  drew  dofinlte  oonolus'onn  odLng  to  the  eoottor  of  the 
teat  results, nevertholoaa  it  appears,  that  when  tho  ruddor  wna  loft  fro a, 
there  was  no  morfcod  ehango  in  tho  magnitude  of  tho  won  dor  at  cny  given 
height  ond  spood, . but  there  waa  a noticeable  reduction  when  tho  autopilot 
woe  controlling  the  aircraft  (roughly'  u reduction,  from  1°  to  in 
overage  wonder  and  from  2$°  to  1°  in  maximum  wnndor). 


or  re 


■Civ 


The  enplltudes  of  the  latoral  ond  dlreotichal  a’nort-poriod  osoillatlons 
inoreaaed  with  inorooaing  Haoh  numbor  over  tho  moods  tostod  ( approximately 
0,7  to  0.8  indicated  Mooh  mrdber).  It  is  possiblo  that  tho  inoreaso  la 
assooiatsd  with  tho  development  of  airfrono  buffeting  whioh  baoomes 
notice able  at  about  0.76  I.M.K. . though  there  is  little  evidenee  in 
figuros  10  ond  IV  to  substantiate  this  theory,  Tho  poriofl  of  the 
osoillation  dooroosod  with  increasing  Mach  number  (soo  figuro  11). 


od  in  thie  configuration 


I 


11 


\ 


The  general  wondors  (oxoluding  these  ehort-pc-r.lod  oscillations) 
seemed  tu  be  independent  of  Mach  nunber.  Probably  bcoause  of  insufficient 
test  data,  some  of  the  relevant  figuros  show  on  apparent  lnerot.se  in 
wonder  with  increasing  Mach  nunbor,  whilst  other  figures  show  the  reverse. 

6.2  Effect  of  altitude.  Tho  anplitudes  of  the  short-period  diatur- 
bonoes  appeared  to  inoreaao slightly  with  increoaing  altitude. 

The  increase  with  oltitudo  was  more  apparent  with  tho  general 
direotionol  wander  but  it  should  be  remembered  that  the  Interval  between 
successive  photographs  increased  considerably  rdth  altitude,  from  8 seoonds 
at  10,000  feet  to  34  seoonds  at  45,000  feet.  Thero  woe  thus  much  more 
time  for  a divergence  in  heeding  to  d evelop.  On  the  other  hand  there  was 
little  difference  in  tho  lateral  wander  with  altitude;  in  this  oase.  of 
oourso,  thoutisw  porio d oonaidered  would  not  be  expeoted  to  affect  the 
- wander  appreciably  since  the  pilot  would  in  genorol  be  tmioh  more  conscious 
of  changes  from  a correct  lateral  level  than  from  a corr^ot  heading. 

6.3  Effect  of  fitting  wing-tip  tanks.  The  fitting  of  wing-tip  tanks 
did  not  appeor  to  a^ter  tne  amplitudes  or  periods  of  the  short-period 
osoillatlons  or  affeot  notiooably  the  magnitudes  of  the  latoral  and 
direotionol  wandore.  It  is  important  to  note,  however,  that  the  pair  of 
tip-tanks  used  in  the  present  trials  did  not  appo'or  to  cause  any  material 
deterioration  in  tho  buffeting  characteristic*  at  high  Maoh  number,  whoreos 
tho  original  pair  of  trnka  used  on  the  photographic  trials  at  Castel  Bonito 
caused  an  appreciable  deterioration.  On  occasions  the  buffet  with  the 
original  tanks  was  os  bad  at  0.75  1. 14  N.  as  it  was  at  0,79  to  0.80  I.14N, 
with  the  later  tanka.  It  may  well  be  that,  should  tho  tanks  in  eorvico 
deteriorate  to  such  a level,  tho  degree  of  buffeting  night  materially 
exoeod  that  found  at  a particular  Maoh  number  during  tho  presont  trials  end 
accordingly  the  magnitude  of  tho  short-period  oscillation  might  also  bo 
increased. 

6.4  Effect  of  leaving  the  rudder  freo.  As  noted  earlier  in  the 
report,  the  oscillations  and  wanders  with  tho  rudder  free  (that  is,  the 
pilot's  feet  off  the  rudder  podals)  were  in  general  no  worse,  and  in  foot 
may  have,  been  somewhat  smaller,  than  when  tho  pilot  al carped  hard  on  both 
rudder  pedals.  This  is  aontrary  to  the  pilots  qualitative  assessment  as 
the  pilot  was  convinced  that  he  was  achieving  sons  improvements  by  applying 
continuous  firm  pressures  to  both  ruddor  podals. 

It  may  have  boon  thau  there  was  soma  sympathetic  mevoraont  of  tho 
rudder  during  the  short  period  osoillations  and  that  this  wee  apparent 
to  the  pilot  as  slight  rudder  bar  movement.  In  foot,  tho  pilot  could 
detect  a rhythmic  chan  go  of  pressure  in  tho  two  rudder  pedals,  Wien  ••  • 
however  he  applied  firm  pressure  to  the  ruddor  pe&ULs  end  prevented  this 
pedal  movoment  (aa  in  foot  ha  oould  since  the  ruddor  was  fairly  light 
about  its  mean  position  and,  bcoause  of  its  sprinj*»tab,  h*d  no  inoonw* 
preasiblo  oonnoetion  with  tho  ruddor  pedols),  tho  rudder  was  still 
capable  of  movements  against  the  restraint  of  tho  spring  tab  torque  tubo. 
Although  some  change  in  amplitude  and  period  of  osoillation  might  be 
expeoted  from  freeing  the  rudder,  no  change  oould  be  aeon  from  the  evidenoe 
so  far  presentod.  * 

It 'would  appear  herwevor  that  in  any  futuro  work  on  this  subject  a 
continuous  recording  of  tho  rudder  position  is  dosiroblo.  This  would 
provide  evidence  to  deoife  whotl»r  the  sliort-period  oscillation  is  \ 
materially  affectod  by  the  known  lightness  of  the  rudder  ovor  small  \ 
displa  laments. 


\ 


/6.5, 
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6.5  Kffwt  ofusln.r  the  autopilot  lfctl.  w i^ntienod  yroviouaiy 
in  tho  appropriate  miction/;,  the  usu  of  thu  Autopilot  Mfc.9,  hr-u  little 
off  not  on  tho  later  cd  or  dlroctinnal  abort  period  oseillctions  at. 

25,000  foet  but  gore  some  inprovouint  r.t  45,000  foot,  v/hon  oanporod  with 
the  corresponding  jpnditlona  under  pilot  control,  Tho  gonorol  direotional 
wander  wit?Tlft»  autopilot  in  uaj  wee  rnthar  warns  nt  both  altitudes  but 
the  general  lateral  wr-ndor  was  notlocnbly  loan. 

It  ia  intorosting  to  noto  that  during  tho  ph-'togrt.phio  survey  trials 
et  Oaatel  Benito  (see  6th  part  of  this  Report  for  handling  napoots)  tho 
aircraft  woa  fitted  with  a standard  autopilot  We, 9,  This  vms  oritioiaed 
on  two  oounta,  Firstly  it  was  difficult  to  steor  aoouratoly  onto  a 
oourao  aa  tho  aircraft  could  j rally  sottlo  on  to  r.  oourao  somo  5°  off  that 
intended}  this  can  be  partially  eliminated  when  tho  pilot  has  • 

had  consider oblo  practico  with  end  experience  in  the  use  of  tho  autopilot. 
Secondly,  when  the  aircraft  woa  finally  running  on  course,  any  diaturbanoo 
of  tho  :.iroraft  away  from  ite  initial  conditions  of  bank  and  heading  was 
moro  serious  whan  tho  autopilot  was  controlling  than  whon  tho  pilot  was 
controlling,  lftor  a diaturbanoo,  tho  pilot  applied  oorrcctlvo  notion  aa 
quickly  aa  poaxi.hlo,  auffiolont  only  to  roatore  laterally  lovol  flight 
on  the  original  heading}  tho  autopilot  however  usually  overocrroctod  and 
the  original  required  oonditione  were  only  regained  after  two  or  three 
dasqpid  cyolea  of  oaoillation  about  those  conditions. 

Subsequent  conversations  with  the  Autopilot  Seotion  of  R.A.K.  have 
shown  that  they  ere  fully  aware  of  oertaln  deficiencies  in  the  standard 
JOc.9  autopilot  for  the  high-altitude  aurvoy  role  of  the  Canberra.  For 
inatanoe,  the  rudder  spring-tab  has  a natural  frequency  of  vibration  that 
induoea  movement  of  the  roll  datura  rendulutu,  thorsby  leading  to  iAporfoct 
etabiliaing  in  bank,  Tho  spring- loaded  knob  of  the  autopilot  controls  haa 
also  been  oritioiaed ’aa  giving  ineufficiontly  precise  control  of  the 
ootuation.  Modifications  havo  boon  racdo  and  further  tests  oro  boing 
cerried  out  to  assess  thoir  volua.  In  tho  moontim,  work  is  continuing 
on  tho  Mk.10  autopilot  whioh  is  intonded  for  uso  in  tho  F.R,  Ccnborra; 
tlds  will  embody  0 pre-set  pointer  and  a follow-up  moohoniam  so  that  a 
0 o»n  bo  pro-solocted  and  the  unit  will  then  follow  up  ond  look  bnto 
the  ohesen  oonditione  of  hooding  and  ban!:,  I 

In  addition,  R.A.3.  subsequently  stated  that  tine  particular  autopilot 
used  on  the  trials  at  Oaatel  Bonito  wna  sluggiah  about  tho  roll  datisa  ond 
affirmed  that  this  might  well  oouae  tho  ovum-eorrootion  that  was  found. 

It  woe  also  stated  that  a fully  aorvJoeoiile  unit  ahould  not  suffer  from 
that  dofeot  end  should  be  oapoble  of  deteoting  and  suppressing  all  short 
period  oscillations,  including  the  short  period  ono  of  this  report. 

The  present  eorias  of  measurements  wore  uade  with  r standard  Me.  9 
autopilot.  It  la  interesting  to  note  that,  doapita  tho  olaitn*  mode. \ tho 
autoollot  did  not  eliminate  the  short  poriod  oaoillation  (aoe  the  first 
por?,"-  cph  of  this  aub-aoetion),  Her  was  the  period  of  tho  osoillatibti 
ohan,vd  (no  far  aa  can  be  seen  from  ■present  avidenoo)  os  might  have  been 
envit.*!  Yora  tho  introduction  of  the  sutopilot  into  tho  control  circuits. 

£.6  Iff odt  Of,  the  oaottjglpnw  ond  vmndari . gn-FjTTfflL 

: Afcwnvl  dlaoueaiona  Have  boon  Tild  with  mombers  of  tho  Directorate  of 
v , ;-r  ; y fliirvny  snd  tho  Colonial  Survey.  Theao  havo  shown  that  it  is 
difficult  to  ascribe  simply  on  upper  ocooptcblo  lluit  to  the  tilt  of  the 
onmara  from  the  vortioal,  Whereas  2°  is  usually  regnrdod  as  tho  limit 
under  peaoo—tims  conditions,  when  time  is  not  an  over-riling  footer  and 
corrections  for  tilt  eon  accordingly  be  incorporated  with  some  loss  of 
time  and  effort,  no  auoh  limit  con  be  readily  asoribod  to  similar 
photography  undor  war  conditions.  It  may  "/ell  be  ncoossrry  to  accept 
photographs  that  oro  below  tho  normal  usable  standard  booouso  '•'oat.hor 
conditions  or  enorjy  reaction  raoka  it  unlikoly  that  hotter  onos  rill  be 
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obtained  within  o useful  tins;  on  the  other  hand  n higher  standard  may 
be  demanded  if  usable  maps  ere  to  be  produced  in  time  for  their  military 

use* 


Cor  tain  requirement*  were  laid  down  in  "War  Offioo  Policy  Stntomont 
Vo,  33  (Air  Surrey)"  dated  3rd  August,  1951*  namely  that  it  should  bo 
possible  to  stabilise  the  camera  to  within  15  minutes  of  tilt  from  the 
nertiool  end  preferably  to  within  1 minute,  suoh  anglos  of  tilt  to  bo 
rooordod  by  an  automatic  observor  when  eaoh  photograph  wrs  token*  Tho 
AasrionirTibw'on  this  requirement,  given  in  their  "Comments  on  draft 
revised  War  Cffloe  Polloy  Statement"  issued  by  the  Engineer  Research  and 
Xtovelopmont  Laboratories,  Port  Belvoir,  Virginia  on  loth  April,  1951 1 was 
that  owners  stabilisation  should  be  within  3 minutes  for  precise  photogram- 
motrio  plotting  without  ground  ountrol  (that  is  without  sny  supplementary 
ground  surrey  measurements),  but  that  £ 1 dogrea  was  considered  sufficient 
far  general  mopping  cover 030,  "* 


v 

There  are  then  throe  standards  against  whieh  tho  lateral  and  directional 
steodlnoss  of  tho  aircraft  is  to  be  measured,  nonely  the  + 2 degrees  of 
tilt  at  present  tolerated  by  the  map  preparers,  tho  £ 1 degree  oonsiderM 
good  enough  by  the  Americans  for  general  map  0 over  ago,  and  the  +,  1 or  3 minutes 
considered  as  a desirable  target  for  future  developments*  The  angle  of  tilt 
is  of  course  a ocmbinrtion  of  the  angle  of  bank  and  tho  angle  of  pitoh,  the 
change  of  hooding  merely  displacing  the  oentre  of  tho  photogroph  further 
ft-cm  the  mean  track  of  the  air  or oft.  In  tho  particular  oaso  whore  the 
oomsra  sotting  for*  foro-ond-oft  vertiool  alignment  is.ocrroot,  tho  angle 
of  tilt  is  oorreetly- represented  by  tho  angle  of  bank.  Unfortunately,  ,0* 
explained  in  section  3.2.,  tho  limitations  of  the  measuring  ays ton  prevented 
the  diroot  establishment  of  the  angle  of  bank  from  the  horizontal  and  thi 
concept  of  chango  of  angle  of ^ bank  botivoon  suooessivo  phonographs  had  to 
be  used  instead.  It  is  then  no  longer  possible  to  assess  tho  aircraft's 
behaviour  directly  against  the  angle  of  tilt  raqulromonts,  but  same 
esse  dement  obn  bo  r.ndo  If  it  is  ossumod  that  tho  first  photograph  is  token 
with  aero  bonk,  when  tho  chnngo  of  angle  of  bank  to  the  nor.*  photogroph 
represents  the  tilt  ot  that  oooond  instant.  (This  method  gives,  of  course, 
en  optisdLatio  result  when  tho  alraraft  is  bvikod  in  one  direction  at  the 
first  photograph  and  banks  further  in  that  direction  for  the  second 
photograph!  likowlso  0 ponsimiotio  result  mil  bo  given  when  the  aircraft 
between  photographs  reduces  the  initial  angle  cf  bank  towards  sero, 

possibly  roaohing  opposite  bank*) 

• 

To  help  in.  this  essessnmnt,  figuro  17  has  bcoh  prepared  to  show  tho 
total  ohangos  in  angle  of  bank  that  ern  bo  expeotod  botwoon  suooossivo 
photographs  from  a combination  of  tho  short-period 'oscillation  and  the 
goner al  wander.  The  figure  gives  four  bands  or  aonos  within  which  the 
change  of  bank  may  be  oxpeetod  to  lie,  the  upper  and  lower  limits  or 
each  bond  representing-  the  oases  where  the  short-period  oscillation 
respectively  augment e and  reduce  s the  general  vnnder.  The  band  A in  tna 
figuro  gives  the  combination  of  the  overage  values  of  shirt-period 
osoillation  and  general  wander,  and  accordingly  represents  the  limit e of 
ehonge  of  angle  0 x‘  bank  that  oon.bs  expected  for  tho  majority  of  the 
survey  photographs.  Ooeurring  lass  frequently  will  b«  tho  eases  covsrodby 
bands  B and  0,  formed  by  combining  the  average  valuo  of  one  mcrvei.xint  with 
tha  maximum  value  of  the  other  movement.  Evan  loss  froquantly  willoocur 
0000s  reprassntod  by  boftd  D,  vhnro  ths  nuudLMa  cf  both  irtoreroonts  oonblno. 


The  figure  vns  prepared  for  the  aircrrft  f ittod  without  wing-tip 
tanks,  but,  from  tho  ovidonoa  already  given,  ai\y  conclusions  should  apply 
equally  fog-ths  aircraft  with  wing-tip  tanks,  xt  can  be  s^en  th-t,  wb^j 
tho  pilot  was  controlling  tho  aircraft  by  nurs'd  use  of  rilor™  and  rudder, 
the  average  ohangn  of  bank  (band  k)  did  not  exceed  2 depress  tho 

speeds  and  heights  tested.  On  the  ollur  hanl,  c.rn"-’  -f  Hally 

•in ‘extras*  of  2 dofxeao  could  be  expected,  p^rUculnrl;-  0.  tw  hijhor 


Al  titulcs.,.. 


- 1ft 


i 
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Altitudes,  though  such  occurrences  would  bo  rol.tively  infrcquont.  On 
this  ovidonoo,  it  appears  that  meat  ol’  tho  survey  photographs  ooultl  be 
used  satisfactorily  by  the  wp  prepercrs  working  undor  pooce-tlno 
oonditiona  ond  probably  nlsa  undor  mr- tii.£  comiitiens  but  occasional 
exootsive  angles  of  tilt  wight  i.v\ko  aovorr.l  groups  of  phatogrepha  unusable, 
theroby  demanding  o report  sortie.  This  is  ruch  mere  probable  if  it 
should  be  deoldod  that  only  1 dogree  of  tilt  can  be  aceeptod,  aa  tho 
average  change  of  bank  could  be  equal  to  or  greater  than/ 1 dogrou  at  all  apoeds 
tested  at  25,000  and  45.000  foot  and  only  slightly  bslow  1 dogree  at 
10,000  feot.  Considerable  improvement  was  obtained  et  45,000  feet  by  uao 
of  tho  standard  autopilot  Mk,9  and  on  the  evidence  givon'lt  aeons  probable 
that  the  svorsgo  tilt  oould  bo  kept  within  the  1 dogroo  limit.  Further 
improvement  is  also  expoctcd  by  R.A.R.  as  a result  of  modification  to  tho 
gyroaoopo  ond  the  autopilot  oontrol  (sos  aeetion  6,5)  and, later  by  ths 
introduction  of  ths  autopilot  Mk.10,  Unless  oonsiderablo  improvement  is 
bbtalnod  howovor  it  Is  probable  that  the  15  minute  limit'  of  tilt  will  be 
exceeded  even  under  calm  sir  oonditiona.  It  may  well  be  nooeaanry  to  uso 
sane  dovioo  suoh  as  ths  outo-stobiliser  now  boing  dove loped  at  R.A.E.'  for 
the  elimination  of  snaking,  but  whilst  this  might  materially  reduce  the 
short-period  oscillation  it  is  not  oartain  that  it  would  have  any  effect 
on  the  long-term  general  wonder  or  the  sudden  ohangoa  of  bank  ond  heading 
that  would  occur  due  to  gusts.  Improvement  might  veil 
be  obtained  with  gyroscope  stabillaati  : of  the  oomero,  though  this  would 
neoessarily  be  s oonaidr "able  ocuplioation. 

It  eee.v:  desirable  therefore  that  an  investigation  be  made  into  the  > 
limits  of  tilt  M laid  down  by  ths  War  Office  Policy  Statement  No.  33 
(Air  Survey).  If  its  requirements  arc  accepted  as  realistic  it  may  be 
neoeasery  to  fonoulsts  new  requirements  on  the  draping  of  the  lateral  ond 
directional  short-period  oscillations. 

In  conclusion,  it  must  be  pointed  out  that  there  ia  no  reason  to 
suppose  that,  ao  far  as  general  wonder  is  concerned,  the  Canberra  aircraft 
is  any  worse  than  any  other  aircraft  for  survey  photography  at  high  speeds 
and  iltitudea.  No  similar  measurements  by  the  methods  of  this  report  have 
been  made  at  this  establishment  on  other  aircraft  at  high  altitude,  \.<baeo 
difficulties  in  maintaining  ohosen  courses  ore  to  be  expected  booause  of  the  low 
indicated  airspeeds  end  low  draping. 


7,  OqnqMoQS. 

The  present  trials  showed  that  evon  under  calm  air  conditions  thero 
was  a short  period  oseillation  in  hooding  and  anglo  of  bank.  Both  the 
period  (soma-a-Wv»ooonda)  end  tho  magnitude  varied  with  Mach  nuntoer  and 
altitude.  In  addition  there  were  general  winder a in  heading  ond  bonk 
that  appeared  to  bo  independent  of  Mach  number  and,  in  the  case  of  angle 
of  bank,  also  independent  of  altitude  when  considered  over  periods  equal  to 
the  time  intervals  between  suooessivs  photographs  of  the  F.4 9 Wffrsy  oom5™ 
fitted  with  a 6 ineh  lens.  At  Mooh  numbers  near  0.8,  tho  average  magnitudes 
of  enoh  of  the  osoillations  and  wonders  was  of  ths  order  of  1 dogroo, 
though  maximum  values  of  2°  ond  abovo  were  measured,  all  under  calm  air 
conditions  whilst  tho  pilot  was  attempting  to  maintain  the  aircraft  on  a 
constant  heading  with  wings  level  by  normal  use  of  the  three  flying 
oontrola.  The  effects  of  freeing  tho  rudder  and  also  of  using  tho  standard 
autopilot  Mk«9  nro  described  in  the  report. 

The  offsets  of  tho  oscillations  and  wanders  on  the  aircraft's  useful*- 
ness  in  ths  survoy  role  have  been  discussed  in  the  report.  From  the 
evidenoa  providod,  it  would  aoem  that  most  of  the  photographs  obtained 
under  oalm  air  oonditiona  oould  be  used  by  a survey  mapping  section 
under  poaje-timo  conditions,  and  probably  also  under  war  conditions  when 
the  time  allowed  for  map  preparation  may  well  bo  curtaued.  it  is 
probable  that  thu  cloaor  limits  of  flying  ijtplied  by  tho  restriction  of 
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tbo  pernlaslhlo  angle  of  camera  tilt  to  1 6o&?3a  could  be  met  under  coin 
air  conditions  by  using  the  standard  antnpilot  Me.  9,  but  any  further 
reduction  in  this  angle  of  tilt,  either  to  r.iuot  Tfar  Office  policy 
requirements'  or  to  ollcw  a margin  for  flight  under  non-cdm  air  conditions, 
would  require  further  ia$rovumenta  in  oontrol.  Modification*  to  give 
improvaments  in  the  standard  autopilot  Mk.9  ora  being  dovelopod  by  R.A.S, , 
pending  completion  of  the  autopilot  Mk.10  intondod  for  tho  aircraft. 
Neverthjleaa  if,  despite  tho  known  behaviour  of  aircraft  at  high  altitude 
the  War  Offioe  persist  ih  thoir  requirements  to  restrict  the  caoora  tilt 
to  15  minute*  end  ultimately  to  1 miruto,  then  it  ia  probable  that  gyrosoopic 
stabilisation  of  the  camera  will  be  roquired,  possibly  oouplod  with  tho  use 
of  acme  such  device-  as  the  auto-stabiliser  nay  being  tested  at  R.A.S.  for 
the  elimination  of  snekirg. 

®*  ^her-develcpCTsnte 

(s)  Arrsngenehts  are  being  made  for  the  hirootorato  of  Military 
8urvey  to  study  the  photographs  obtained  with  the  aircraft  on  the  trials 
at  C as  tel  Benito  end  prepare  maps  from  then.  This  will  help  direotly 
in  the  assessment  for  peacetime  photography  in  the  survey  role. 

(b)  Tests  should  be  made  with  the  autopilot  Me,  9 in  its  modified 
form,  if  there  are  indications  that  it  ia  any  bettor  than  tho  standard  .Me.  9. 

(o)  An  Investigation  into  the  limits  of  tilt  as  laid  down  by  the 
War  Office  Policy  Statement  Wo.  33  (Air  Survey)  should  be  undertaken  to 
determine  whether  the  requirements  ore  realistic  in  tho  light  .of  the  known 
behaviour  of  eirornft.  i . _ ■ 

'•  * #•  t*  . 

(j)  It  nay  Bo  nooosesry  to  formulate  new  requirements  on  tho  dsnping 
of  the  short-period  oscillation. 
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